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UHTXLUHPHQWVIRUPDQXIDFWXULQJWKHVHIDVWFKDQJLQJSURGXFWV2QHRIWKHNH\FKDOOHQJHVLVWKHUHGXFWLRQLQVL]HDQG
ZHLJKWRIHOHFWURQLFVEDWWHULHV0HFKDQLFDOIDVWHQLQJWHFKQLTXHVDUHJUDGXDOO\EHLQJUHSODFHGZLWKIXVLRQZHOGLQJRI
RIWHQWKLQDQGGLIILFXOWWRZHOGPHWDOVVXFKDVWKRVHIRXQGLQHOHFWULFDOFRQQHFWRUVDQGHQFORVXUHV,QPDQ\FDVHV
KHDWVHQVLWLYHFRPSRQHQWVDUHLQYHU\FORVHSUR[LPLW\WRWKHZHOGMRLQW
$VDUHVXOWRILWEHLQJDORZKHDWLQSXWDQGKLJKO\IOH[LEOHQRQFRQWDFWSURFHVVODVHUZHOGLQJKDVEHHQFRQVLGHUHG
DSURPLVLQJ MRLQLQJ WHFKQLTXH VLQFH LWV LQWURGXFWLRQ WR WKH HOHFWURQLFPDQXIDFWXULQJ LQGXVWU\ LQ WKHV:KLOH
ODVHUZHOGLQJLVDQH[WUHPHO\HIILFLHQWPLFURMRLQLQJWHFKQLTXHWKHSURFHVVW\SLFDOO\HPSOR\VDODVHUEHDPIRFXVVHG
WRDVSRWXVLQJFRQYHQWLRQDOUHIUDFWLYHRUUHIOHFWLYHRSWLFVZKLFKSURGXFHVQDUURZKLJKDVSHFWUDWLRZHOGV1DUURZ
GHHSSHQHWUDWLRQZHOGDUHQRWQHFHVVDULO\GHVLUDEOHIRUPRVWHOHFWURQLFDSSOLFDWLRQVVLQFHWKHUHLVDULVNRIGDPDJLQJ
KHDWVHQVLWLYHFRPSRQHQW,QFRQWUDVWDKLJKZLGWKGHSWKUDWLRFRQGXFWLRQOLPLWHGZHOGLVSUHIHUUHG
,Q UHFHQW \HDUV ODVHU EHDPZHOGLQJ ZLWK QRQVWDQGDUG WDLORUHG HQHUJ\ GLVWULEXWLRQV KDV EHHQ DWWHPSWHG )RU
H[DPSOH GXDO IRFXV ODVHU ZHOGLQJ KHDG KDV EHHQ GHPRQVWUDWHG WR EH EHQHILFLDO ZKHQ ZHOGLQJ WLWDQLXP DOOR\V
%ODFNEXUQ/DVHUZHOGLQJRIDQDOXPLQLXPFRSSHUMRLQWSURGXFHGZLWKDJDOYDQRPHWHUGULYHEHDPVFDQQHU
RVFLOODWHGDQGVFDQQHGDWKLJKIUHTXHQFLHVVKRZHGDQLPSURYHGZHOGDELOLW\DQGWHQVLOHVWUHQJWK%H\HU'H
%RQR  6LPLODUO\ DOXPLQLXPFRSSHU MRLQWV SURGXFHG XVLQJ $[LFRQ RSWLFV VKRZHG WKDW FRQGXFWLRQ OLPLWHG
ZHOGFRQWDLQVQREULWWOHLQWHUPHWDOOLFV)XQFN
7KLVLQYHVWLJDWLRQIRFXVVHGRQWKHXVHRIGLIIUDFWLYHRSWLFDOHOHPHQWV'2(VWRSURGXFHKLJKZLGWKGHSWKUDWLR
FRQGXFWLRQ OLPLWHG ZHOGV IRU HOHFWURQLF DSSOLFDWLRQV 3URGXFLQJ WDLORUHG HQHUJ\ GLVWULEXWLRQ ZLWK '2(V LV DQ
DOWHUQDWLYHORZFRVWDSSURDFKWKDWRIIHUVIOH[LELOLW\LQWKHVSDWLDOGLVWULEXWLRQRIODVHUHQHUJ\EHLQJGHOLYHUHGWRWKH
ZRUNSLHFH7KHVXUIDFHRIDGLIIUDFWLYHRSWLFVKDVORFDOFKDQJHVRIWKHGLIIUDFWLRQRUGHUVL]HWKDWVSOLWWKHLQFLGHQW
FROOLPDWHGEHDPDQGUHGLUHFWVWKHIUDJPHQWVRIWKHEHDPWKURXJKDIRFXVVLQJOHQVWRIRUPDVSHFLILFSDWWHUQDWWKH
IRFDOSRVLWLRQ7KDQNV WR LWV VHOHFWLYHGLIIUDFWLYHFDSDELOLW\ LW LVSRVVLEOH WRSURGXFH'2(VZKLFKUHVXOW LQ UDWKHU
FRPSOH[ODVHUEHDPHQHUJ\GLVWULEXWLRQRIYDU\LQJLQWHQVLWLHVWDLORUHGWRVSHFLILFDSSOLFDWLRQV
([SHULPHQWDODSSURDFK
([SHULPHQWVZHUHSHUIRUPHGXVLQJDQ,3*</6PXOWLPRGH<EILEUH ODVHU7KLV ODVHUV\VWHPRSHUDWHVDW
QPZDYHOHQJWKDQGKDVDPD[LPXPRXWSXWSRZHURIN:$PFRUHGLDPHWHURSWLFDOILEUHGHOLYHUHG
WKHODVHUEHDPWR2SWRVNDQGRSWLFVPPIRFDOOHQJWKFROOLPDWLQJOHQVDQGPPIRFDOOHQJWKIRFXVLQJOHQV
JLYLQJ D QRPLQDO IRFXVHG VSRW GLDPHWHU RI PP 7KH GLIIUDFWLYH RSWLFDO HOHPHQWV '2(V ZHUH LQVWDOOHG LQ
EHWZHHQWKHFROOLPDWLQJXQLWDQGIRFXVVLQJXQLWDVVKRZQLQ)LJ
7ZRVSDWLDOHQHUJ\GLVWULEXWLRQVZHUHWULDOHGXVLQJ'2(VVXSSOLHGE\+2/2257KURXJKWKHVH'2(VULQJDQG
&VKDSHGEHDPRIPPLQGLDPHWHUZHUHJHQHUDWHGDWWKHZRUNSLHFHDWPPDZD\IURPWKHIRFXVLQJOHQV
7KH &VKDSH EHDP ZDV XVHG WR LQYHVWLJDWH WKH EHQHILW RI XVLQJ WKLV VSDWLDO HQHUJ\ GLVWULEXWLRQ WR GLVSHUVH
DFFXPXODWHG KHDW LQ WKH FHQWUH RI WKH ULQJ UHPRYLQJ WKH OLNHOLKRRG RI XQGHVLUDEOH LQWHUPHWDOOLF FRPSRXQGV DQG
R[LGDWLRQDQGWRDOORZDQ\HQWUDSSHGJDVWRHVFDSH
7KHODVHUSURFHVVLQJKHDGZDVPRXQWHGYHUWLFDOO\RQDWKUHHD[LV$HURWHFKJDQWU\7KHIRFXVLQJOHQVRIWKHRSWLFV
ZDV SURWHFWHG IURP GDPDJH E\ IXPH DQG VSDWWHU XVLQJ D FURVVMHW DLUNQLIH DQG D VHPLFRQVXPDEOH LQIUDUHG
WUDQVSDUHQWFRYHUVOLGHEHWZHHQWKHORZHUVXUIDFHRIWKHIRFXVLQJOHQVDQGWKHZRUNSLHFH$OOZHOGLQJWULDOVZHUH
SHUIRUPHGDXWRJHQRXVO\ LQ WKHIODW 3$SRVLWLRQ$UJRQVKLHOGLQJJDVZDVVXSSOLHG WR WKHZHOGDUHDXVLQJPP
GLDPHWHUVWDLQOHVVVWHHOSLSHVDWDIORZUDWHRIƐPLQ
3ULRU WR ODVHU ZHOGLQJ WKH FDXVWLFV DQG LQWHQVLW\ GLVWULEXWLRQ SURILOHV RI WKH WZR IRFXVVHG ODVHU EHDPV ZHUH
FKDUDFWHULVHGXVLQJD3URPHWHF8)EHDPSURILOHU7KH ODVHUSRZHUZDVDOVRPHDVXUHGXVLQJDQ2SKLUSRZHU
PHWHUWRFDOLEUDWHWKHUHTXHVWHGODVHUSRZHUZLWKWKHREVHUYHGODVHUSRZHUDWWKHZRUNSLHFH/DVHUSRZHUVZLWKDQG
ZLWKRXWWKH'2(ZHUHFRPSDUHGWRGHWHUPLQHSRZHUORVVWKURXJKWKHRSWLF

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
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)LJ/DVHUSURFHVVKHDGVHWXSZLWK'2(SRVLWLRQHGMXVWEHIRUHIRFXVVLQJRSWLF

(OHFWUROHVVQLFNHOSODWHGVWDLQOHVVVWHHO1366VKHHWRIPPWKLFNQHVVDQGFRSSHUQLFNHOSODWHGVWHHO&136
VKHHWRIPPWKLFNQHVVZHUHXVHG7KHVHPDWHULDOVDUHFRPPRQO\XVHGLQEDWWHU\DSSOLFDWLRQV%DVHGRQHDUOLHU
XQUHSRUWHG H[SHULPHQWDO UHVXOWV QLFNHO SODWLQJZDV IRXQGXVHIXO WR LPSURYH ODVHU DEVRUSWLRQ DQGZHWWLQJGXULQJ
ODVHUZHOGLQJ7KHPDWHULDOVZHUH DUUDQJHG LQ WKH RYHUODS MRLQW FRQILJXUDWLRQZLWK WKH1366SODFHGRQ WRS7KH
PDWHULDOVZHUHDFHWRQHFOHDQHGSULRUWRZHOGLQJDQGVHFXUHGXVLQJDSQHXPDWLFFODPSLQJIL[WXUHSRVLWLRQHGXQGHU
WKHODVHUSURFHVVKHDG
7RPLQLPLVHKHDWLQSXWLQWKLVZRUNWKHZHOGLQJWULDOVZHUHFDUULHGRXWXVLQJKLJKODVHUSRZHUEHWZHHQWR
N:DQGDVKRUWEHDPPDWHULDOLQWHUDFWLRQWLPHEHDPRQWLPHLQEHWZHHQDQGPV
5HVXOWVDQGGLVFXVVLRQ
3.1. Beam profile characterisation 
)LJ  VKRZV WKH ULQJ VKDSH LQWHQVLW\ GLVWULEXWLRQ SURGXFHG E\ SDVVLQJ WKH FROOLPDWHGPXOWLPRGH ODVHU EHDP
WKURXJKWKH'2(DQGWKHQDIRFXVLQJOHQV6LPLODUO\D&VKDSHGLQWHQVLW\GLVWULEXWLRQLVSUHVHQWHGLQ)LJZKLFK
VKRZV D GLVFRQWLQXHG ULQJ RI q %RWK EHDP SURILOHV SURGXFHG FRQVLVWHQW HQHUJ\ LQWHQVLW\ IRU DW OHDVW PP
YHUWLFDOO\ DORQJ WKH EHDP SDWK IURP WKH IRFXV SRVLWLRQ ZKLFK FRUUHVSRQGV WR D a PP ORQJ 5D\OHLJK OHQJWK
FDOFXODWHGPDWKHPDWLFDOO\E\WKH3URPHWHFVRIWZDUH

 
D 5LQJVKDSHLQWHQVLW\GLVWULEXWLRQ E %HDPLQWHQVLWLHVLQ'
)LJ5LQJVKDSHEHDPLQWHQVLWLHVWDNHQXVLQJD3URPHWHFEHDPSURILOHU

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 

D &VKDSHLQWHQVLW\GLVWULEXWLRQ    E%HDPLQWHQVLWLHVLQ'

)LJ&VKDSHGEHDPLQWHQVLWLHVWDNHQXVLQJD3URPHWHFEHDPSURILOHU
3.2. Power measurements 
7KH ODVHU SRZHUZDVPHDVXUHGZLWK DQGZLWKRXW D'2(2Q DYHUDJH WKH$5 DQWLUHIOHFWLYH FRDWLQJ FRDWHG
'2(KDVDQHIILFLHQF\RILH DEVRUEVaRI WKH LQFLGHQW ODVHUEHDPHQHUJ\ ,QSURGXFWLRQZKHUH WKH
ODVHULVVZLWFKHGRQIRUDQH[WHQGHGSHULRGRIWLPHDFWLYHFRROLQJWRWKH'2(KRXVLQJLVUHFRPPHQGHGWRSUHYHQW
RYHUKHDWLQJ
3.3. Laser welding results – ring shape 
7KH H[SHULPHQWV VKRZHG WKDW D KLJK ODVHU SRZHU  N: DQG VKRUW EHDP RQWLPH LV QHFHVVDU\ WR SURGXFH D
VXFFHVVIXOZHOG1RZHOGZDVSURGXFHGZKHQODVHUSRZHURIN:RUOHVVZDVXVHGDWPVEHDPRQWLPH$W
N:DQGDEHDPRQWLPH!PVZHOGVVKRZHGH[FHVVLYHPHOWLQJOHDGLQJWRODUJHKHDWDIIHFWHG]RQHDQGR[LGDWLRQ
5HGXFLQJWKHEHDPRQWLPHUHVXOWHGLQQRZHOGDWWKHMRLQWLQWHUIDFH6LPLODUO\ZKHQN:DQGDEHDPRQWLPH!
PVZDVXVHGH[FHVVLYHVXUIDFHR[LGDWLRQDQGLQVRPHFDVHVKRWFUDFNLQJZDVIRXQG
6XFFHVVIXORYHUODS MRLQWVXVLQJD ULQJ VKDSHEHDPZHUHDFKLHYHGZKHQDEHDPRQWLPHRI DW OHDVWPVZDV
XVHG)LJVKRZVWKHZHOGHGWRSVXUIDFHRIDVDPSOHSURGXFHGXVLQJDODVHUSRZHURIN:DQGDEHDPRQWLPHRI
PV$FURVVVHFWLRQHGPLFURJUDSKVKRZVWKDWDQ LUUHJXODUVKDSHGJDVSRUH WUDSSHG LQVLGH WKHULQJVKDSHZHOG
:HOGLQJLQDQDQDHURELFFKDPEHURUKLJKHUVKLHOGLQJJDVIORZUDWHLVQHFHVVDU\WRHOLPLQDWHR[LGDWLRQDVREVHUYHG
LQWKHZHOGVSURGXFHG

 

)LJ0DFURDQGFURVVVHFWLRQ$$PLFURJUDSKRIVDPSOHZHOGHGXVLQJDULQJVKDSHEHDPSURILOH
$ $
7UDSSHGJDV
&RQGXFWLRQ
OLPLWHGMRLQW
6HFWLRQ$$
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3.4. Laser welding results – C-shape 
7KHVDPHSURFHVVSDUDPHWHUVXVHG LQ WKH ULQJVKDSHZHOGZHUH WUDQVIHUUHG WRZHOGVSURGXFHGXVLQJD&VKDSH
EHDP$KLJKHUEHDPRQWLPHRIPVZDV UHTXLUHG WRVXFFHVVIXOO\SURGXFHDQRYHUODS MRLQW$GGLWLRQDOHQHUJ\
ZDV UHTXLUHG OLNHO\ GXH WR WKH KHDW SDUWLDOO\ GLVSHUVLQJ WKURXJK WKH RSHQLQJ LQVWHDG RI DFFXPXODWHG LQVLGH WKH
FLUFXPIHUHQFH IRXQG LQ ULQJ VKDSHZHOG)LJ  VKRZVD VDPSOH SURGXFHGXVLQJ WKH&VKDSHEHDP7KHRYHUOD\
UHSUHVHQWVWKH&VKDSHGEHDPUHGDQGWKHDSSUR[LPDWHMRLQWDUHDDWWKHLQWHUIDFHEOXH














)LJ0DFURDQGFURVVVHFWLRQ%%PLFURJUDSKRIVDPSOHZHOGHGXVLQJDULQJVKDSHEHDPSURILOH
3.5. Comparison to thermodynamic model 
$VGLVFXVVHGSUHYLRXVO\ 6XQGTYLVWZKHQ WKHGLIIUDFWLYHEHDPVL]H LV VPDOOHU dPPGLDPHWHU WKH
MRLQW VKDSHGLIIHUHG IURPWKHGHILQHGHQUJ\GLVWULEXWLRQ7KLV LVEHFDXVHRIFRPSOH[ WKUHHGLPHQVLRQDOKHDW IORZ
SDUWLFXODUO\DWWKHHQGVRIWKH&VKDSHGEHDPUHIHUUHGWRDVµEHDPHQGV¶IURPWKLVSRLQWRQZDUGVZKHUHKHDWZDV
GLVSHUVHGTXLFNHUWKDQWKHUHPDLQGHURIWKHULQJ7KHUHVXOWZDVDUHGXFHGSHQHWUDWLRQµEHDPHQGV¶ZKLFKFDQEH
JUDSKLFDOO\H[SODLQHGXVLQJDWKHUPRG\QDPLFPRGHOWKDWSUHGLFWVWKHKHDWIORZDWWKHMRLQWLQWHUIDFH)LJVKRZHG
WKHSURJUHVVLYHKHDWIORZDWWKHMRLQWLQWHUIDFHEGDVWKHPDWHULDOH[SRVHGWRWKHODVHUEHDPKLJKWHPSHUDWXUHZDV
DFKLHYHGDWWKH&VKDSHGSDWWHUQE7KHKHDWIORZVUDGLDOO\LQZDUGDOORZLQJVXIILFLHQWWHPSHUDWXUHIRUFRQGXFWLRQ
OLPLWHGMRLQWVWREHHVWDEOLVKHGWRZDUGWKHFHQWUHRIWKHULQJF$WWKHVDPHWLPHKHDWZDVGLVVLSDWHGDZD\IURPWKH
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DVFRPSDUHGWRWKHVKDSHRIWKHLQWHQGHGHQHUJ\GLVWULEXWLRQV)XUWKHUZRUNWKURXJKPRGHOOLQJDQGH[SHULPHQWDOO\
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